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FOREWORD

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the
responsibility for timely development of needed new technologies. Traditionally, the
development of new concepts, new materials, designs, and engineering techniques for
aeronautics has been accomplished in close cooperation with the aircraft industry and
with the great American universities. On the other hand, NASA, as the primary user of

space flight, has been its own principal customer for new space technologies.

A new era of permanent presence in space is beginning with the Space Station.
This permanent presence will permit and promote commercial ventures and privately

funded research in the tradition of university/industry cooperation.

The RT&E workshop in Williamsburg represents a significant milestone for
NASA and the space engineering community. It marked the initiation of a long-term
program of outreach by NASA to focus the needs of universities, industry, and
government for in-space experiments and to begin building a strong national user

constituency for space research and engineering.

These proceedings represent a "first-cut" planning activity to involve universities,
industry, and other government agencies with NASA to establish structure and content
for a national in-space RT&E program. More interactions are needed - more workshops
will follow. Program adjustments will be made. A truly national program will evolve,
and its beginnings are presented here with the hope and determination needed to make it

a program we can all take pride in.

- Raymond Colladay



INTRODUCTION

Among the purposes of the Research, Engineering, and Technology Workshop, an
interest in validating the RT&E theme concept has some direct effect on the form of
these proceedings. The original five themes, which were themselves a target for
validation or recommeded changes, have become seven. During preparations for the
workshop, the submitted papers and attendance plans made it evident that the fifth
“theme", In-space Operations, was 100 broad, and would need to be split. As the
workshop got underway, a further split occurred, brought about by the different levels
of maturity, and needs for technology planning in several sub-disciplines. Thus, these
proceedings are presented under seven themes. The volume of presentations, and the
quantity of information generated by the individual panel summaries has led to the

decision to prepare the proceedings in several volumes.

The first volume is an executive summary and includes the summary presentations made
by the panel co-chairmen in the final plenary session. The accompanying seven volumes,
of which this is one, each represent a specific "theme”, and include the un-edited
original presentation material used in that particular panel workshop. Each of these
separate "theme" volumes also include the Foreword, the general Summary and
Conclusions, and the Chairman’s presentation charts and narrative summary. Thus, each
should represent a self-standing volume to reflect the proceedings relevant to its
respective Panel deliberations and output, as well as the reflection in the general

Workshop results.




WORKSHOP THEME

Energy Systems and Thermal Management

--Advanced Photovoltaics
--Solar Dynamics

=-Nuclear

—=-Advanced Thermal Concepts

--Laser Powver



SUMMARY AND CONCLUSIONS

NASA’s In-Space Research, Technology, and Engineering (RT&E) Workshop
brought together representatives of the university community, private sector, and
government agencies to discuss future needs for in-space experiments in support of
space technology development and the derivative requirements for space station facilities

to support in-space RT&E.

The workshop provided an excellent forum for establishing an interactive process
for building a national in-space experiments program. It enabled NASA to present to
the user community (university and private sector) experiment concepts for NASA’s
technology development activities in support of future space missions. The meetings also
began a process by which industry and university researchers will be able to bring their

own TDM requirements to NASA’s planning process.

This conference reached three primary goals: first, it expanded and validated
NASA’s in-space experiment theme areas, including Space Structure (Dynamics and
Control), Space Environmental Effects, Fluids Management, Energy Systems and
Thermal Management, Automation and Robotics, Information Systems and In-Space
Operations; second, it began the development of a user community network which will
interface with NASA throughout the lifetime of the in-space experiment program; and
third, it formed the basis for the establishment of on-going working groups which will

continue to interest and coordinate requirements for in-space RT&E activities.

As an adjunct to the conference, NASA/OAST announced plans to initiate a
long-term program to encourage and support industry and university experiments.

NASA’s modest investment in this program is initially targeted for generating experiment




ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively
funded experiments between NASA, industry, and academia and thereby, begin to build

an active in-space RT&E program.

Several key points emerged from this conference regarding the adequacy of the
TDM data base that should be addressed in future planning activities. First, many of
the experiments could be performed on the ground, i.e., they do not justify a space
experiment. Secondly, many of the experiments address near-term or current
applications and do not take into account advanced system requirements. The TDM data
base must look beyond extensions of current programs to reflect future needs and trends
to have an effective and useful impact on space station planning and design. This will

require increased input from industry and university researchers and engineers.

In order to address these concerns, it is imperative that a long-range planning
view be taken in which industry and university researchers help NASA derive the
technology development program. The following recommendations have been developed

on the basis of the workshop:

1. Development of an on-going RT&E university and industry advisory group;

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms
and as working sessions to refine the TDM data base;

3. Development of an RT&E information clearinghouse;

4. Development and continuation of the new experiments outreach activity
announced at the RT&E workshop;

5. Development of an "impacts assessment group" which will focus its energy on
identifying experiment accommodation requirements to impact the design of

in-space facilities, i.e., space station and others.



If carried out, these recommendations constitute movement toward development
of an effective NASA/industry/university partnership in a National In-Space RT&E
Program. This will also enable NASA/OAST to have an effective voice in space station
planning, which is essential toward the success of a future in-space activities. The
workshop, by promoting the process of NASA/industry/university interactions and by
pointing out concerns with the developing TDM data base has provided an important

first step towards a successful long-term space technology development effort.
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ENERGY SYSTEMS AND THERMAL MANAGEMENT
Summary
Earl VanLandingham

To date, the largest space power systems in use have been in the
range of 10 kilowatts. Technology is now being developed for the
1.0.C. space station at 75 KW, with growth versions being planned at 300
KW and higher. In D.0.D., spacecraft requiring power levels above a MW
are being considered. This move to vastly increase power levels has
resulted in a technology need for power systems capable of efficiently
producing these high power levels with long 1ife and low cost. Solar
dynamic and nuclear power systems offer promise to initially meet these
increased power requirements. In the longer term, innovative
technologies such as laser power transmission may enhance the ability to
provide substantial power. With the higher power levels, and the advent
of extended space science missions and space manufacturing comes the
requirement to both use and reject heat in quantities that are orders of
magnitude higher than that of present systems. Many of the new designs
being considered and the long term nature of the energy and thermal
systems raise the question of the need for in-space experiments.

The Energy Systems and Thermal Management Panel reviewed the
proposed experiments. Recognizing that most of the experiments were at
the ideal level and minimal technical detail was available, the
following general observations were made: much of the proposed
experimental effort could be conducted on the ground; many of the
proposed experiments were more appropriate for shuttle flights; some
experiments because of size or other factors such as safety could not
reasonably be conducted on the shuttle or station. In the opinion of
the committee, the flight experiments fell into four categories.

(1) Confidence - generally system level tests.
(2) .Unique Technology Issues - component level tests to answer a

question of how a particular subsystem might operate in zero g.

8




(3) Development of Fundamental Understanding - Laboratory-type
experiments to establish fundamental data needed design or perhaps more
likely optimize the design of space power systems. An example of this
is the cyclic heat transfer characteristics of two phase materials
(particularly solid/liquid) in zero g.

(4) Long-Term Exposure - Atomic Oxygen, Space Plasma, etc.

The panel suggested that consideration be given to the development
of a space station based general purpose power/thermal test facility,
that would provide power, heat source, instrumentations and controls,
data storage, etc. and the characteristics of which would be both known
to and suitable for use by the power community. Experiments to address
confidence, and unique technology issues need to be further defined and
addressed on a case by case basis.

In addition to defining a need for a general purpose test facility,
the panel recommended that greater participation by industry,
universities and DOD in the definition of experiments is needed. Also,

consideration should be given to combining experiments across themes and

finally the space station should be instrumented for data purposes.
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EXPERIMENT TiTLE: ADVANCED POWER SYSTEM THERMAL ENERGY STORAGE

PROPOSED FLIGHT DATE - 780 YEAR
OPERATIONAL DAYS REQUIRED - /-2
MASS - »* KG
VOLUME: ¥
STORED: W _——— xL xH - M3
DEPLOYED: W _—— xL xH - M
INTERNALLY ATTACHED CESNG)
EXTERNALLY ATTACHED CYRSyNG)
FORMATION FLYING crESIMey
ORIENTATION (inertial, solar, earth, other) SPACE
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP. Hrs/Day —— _ No. of days
OPERATIONS: __ —— Hrs/Day _—— No. of days _—. Interval
SERVICING: —— Hrs/Day _ ——— No.of days __—— Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: - _ Hrs/Day ——— ___ No. of days
OPERATIONS: ——— Hrs/Day _—— No.of days __—__ Interval
SERVICING: —— _ Hrs/Day _ ——— No. of days __— Interval

POWER REQUIRED:

— KW AC or DC (circle one)

Hrs/Day __—- No. of days
DATA RATE:___ Megabits/second

DATA STORAGE: ———-___ Gigabits

K OET - QWAY SPECIAL LAXLERINENT

21
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LIQUID DROPLET RADIATOR TDMX2132
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EXPERIMENT TITLE:_ | [quiD DROPLET RADIATOR TEST BED TDMX 2132

PROPOSED FLIGHT DATE - 1994 YEAR
OPERATIONAL DAYS REQUIRED - _ 150 -
MASS - 180 KG
VOI.UME:
STORED: w _2.0 x L 5,0 xu_ 1.0 =_10.0 3
DEPLOYED: W _2.0 x L 50 xu 2.0 = 20.0 M3
INTERNALLY ATTACHED NO  (YES/NO)
EXTERNALLY ATTACHED _ YES _ (YES/NO)
FORMATION FLYING No (YES/NO)
ORIENTATION (inertial, solar, earth, other) S| AR
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 8 Hrs/Day ] No. of days
OPERATIONS: —__ Hrs/Day - No. of days __~ Interval
SERVICING: ~ __ Hrs/Day - No. of days ___~ Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 4-6 Hrs/pay 1 No. of days
OPERATIONS: 0.5 Hrs/Day 150  No. of days - Interval
SERVICING: 1 Hrs/Day _ - No. of days _A_-_B_:_ Interval

POWER REQUIRED:
3  (PeAK) KW

18 Hrs/Day
DATA RATE: 0.1 Megabits/second
DATA STORAGE: +001 Gigabits

30

AC or DC (circle one)

No. of days
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EXPERIMENT TITLE: Large Photovoltaic Power System Demo.

PROPOSED FLIGHT DATE - 1993 YEAR
OPERATIONAL DAYS REQUIRED - 360

MASS - 2,000 KG

VOLUME:

STORED: ' TBD xL __ TBD x H =
DEPLOYED: W 10 xL 15 x H =
INTERNALLY ATTACHED (YES/NO)

EXTERNALLY ATTACHED ~_Yes___ (YES/NO)

FORMATION FLYING Yes (YES/NO)

ORIENTATION (inertial, solar, earth, other) Solar

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 1BD  Hrs/Day TBD  No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: 1 Hrs/Day 360 No. of days
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED: (Own Power)

N/A KW AC or DC (circle one)
N/A Hrs/Day N/A No. of days
DATA RATE: T8D Megabits/second
DATA STORAGE: TBD Gigabits

34

Interval



SNOILYII1ddY Q3INVAQY YIHI0 ONV SNOILVIS ¥3M0d ¥VI0S 3IVdS
NLNd I181SS0d 40 140ddNS NI A90T0NHIIL YOLVYINIINOD 404 NY¥3LIVd ALISNIALINI QRV
A931VHLS IN3WA0TA3IA “STVIYILYW “AHMOSOTIHd W9IS3A 3IHL 1S3L T1IM INIWIY3IAXI SIHL

SYISV1 d3duNd-y¥v10S Ad AISOAWI SINIWIYINGIY JHL 133N
0L (SINIWIYIdXT TVIYLSIYYIL WOHd) SUYIddV HIIHM YOLVYINIAINOD NIISIA-TIINVAQY
NV 40 JONVWYO0JY3Id JHL 9NISS3SSY 404 (34 1S3L V ST INIWIY34X3T dHL

35

SY3SY1 ¥V10S ¥Y3IM0d 0L IYINO3Y SI YOLVYINIINOD ¥VIOS 3SO0ddNd TVIIIdS
319VIS ATTIVIILd0 GNY ATTVWY3IHL “ATIVIINVHIIW “NOILVYINIINOD-HOIH “39¥V1 V

NOISTNO¥d ANV ¥IMOd Y04 SYILYIANOD YISV] ANY °SHISV1 (3dund
-34V10S 13ATT-MN 1S31 0L SINIWIYIAX3 AILVIFYYILNT ¥004 40 ISHId 3IHL ST SIHL

SINIWIY3dX3 NO-MOT1104 ¥Od
YOLVYLNIINOD ¥V10S 3S0d¥Nd TVIIAdS “IT4VLIS F9UVI V A01dIM 01 - JAILIIrG0 INIWIYIAX3

>oerenGy a2 (TITC XWAL) YOLVHLNIINGD ¥v10S 3I9¥VI v 1S3L ANV A01d43d



$49349AU0)
944328 3-03-40807

uo}s ndodd
40807

40807 podung-48 (0§

SIUd| 40dX] :n» pOIN | B4ABIU] 4NO4

403843U89%0)

36




*NOTLVYINIINGD Y39V
01 300W INIWAQ1d3Q 40 ALITIEVIVIS 40 INIWSSISSV 34 TTIM LISV AYVANOIIS V

11940-NI-3WIL ANV 3ISVHd TVIIEH0 40 NOILINRd V SV JIVHUNS ONILVYINIINOD 3HL
40 JUNIVYIAWIL ANV ALIATLIIT43Y “3IAVHS IHL INTYOLINOW ANV 3IWNTOA TVIOA
JHL NI NY311vd ALISNIINI 3JH1 ONIYNSVIW 40 1SISNOD TTIM INIWIY3AXT JHL

*3dVHS J1709VYiVd-4V3IN 40 YOLVYLINIINOD JAVINOD (NOILVIS FIvdS F) @3IXId
V ONV (HO¥YIW INVId V) LVISOITIH ONINIVYL-NNS ¥V SIANTINI INIWAINOI 3HL

*SNI1S30 ¥OLVYLINIINOD JHOW YO 3INC 40 NOILVY3dO
JH1 31VYEITVI ANV 1S31 “A01d430Q 01 SI INIWIY3IX3 SIHL 40 3S04dnd IHL

NOILdI¥IS3Id ININIYALXT

(TTTZ XWQ@1) YOLVHINIINOD HVI0S 39UV V 1S31 ANV A01d3d

37




Ge

‘Wa3SAS 4030AJUIDOUOY U [0S 4O 3noAe] 1eo1sAyd

U1 00)
agmo 43M0g
uay
uotLsuaIxy
Aeday
3sve \\Louuuuuwno“o:m
. =
-,) w3154S TARueD ~ d
uotitsinboy
e1eQ — —
| _ p
. \d \Suotux
]
sixy eydiy\V /0. \/ _..ucﬂnem
09? / Ld
sixy ouuvl. ~ /,
AN
AN
1Y1S01713H

(]
(wo2)
uipin

38




EXPERIMENT TITLE: TpMX 2111 Deploy and Test a Large Solar Concentrator

PROPOSED FLIGHT DATE - 1992 YEAR
OPERATIONAL DAYS REQUIRED -~ 500
MASS - 5700 KG

VOLUME: 250 m3

A11 Data Approximate

STORED W - xL 1lém xg 4.5mdia g 250 3
DEPLOYED W - xL 4nm x 3% 40mdia = 56000 3
INTERNALLY ATTACHED (YES/NO)
EXTERNALLY ATTACHED _ Yés (YES/NO)
FORMATION FLYING no (YES/NO)

ORIENTATION (inertial, solar, earth, other) Solar

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 8 * Hrs/Day 5.5 No. of days
OPERATIONS: 2 Hrs/Day 1  No. of days “eek rpterval
SERVICING 8 Hrs/Day 1 No. of days® Monthipnterval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 4 Hrs/Day © No. of days
OPERATIONS: -5  Hrs/Day 1 No. of days “eek
SERVICING -5 Hrs/Day 1 No. of days "€k

POWER REQUIRED:

.25 XKW AC or@ (circle one)
12 Hrs/Day __Ef_o___ No. of days
DATA RATE: 005 Megabits/second
DATA STORAGE: .004 Gigabits

*Three men working
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EXPERIMENT TITLE: TDMX 2121 - Test Solar Pumped Laser

PROPOSED FLIGHT DATE -~ 1992 YEAR
OPERATIONAL DAYS REQUIRED - _ 60
Mass - 800 KG

VOLUME: 18 m3

A1l Data Approximate

STORED W _3m xL_3m xH __2m - 18 M3
e —— .

DEPLOYED W _3 xL__ 4 xH 1 - 38 M3
- —

INTERNALLY ATTACHED _ no (YES/NO)
EXTERNALLY ATTACHED _yes _ (YES/NO)
FORMATION FLYING no (YES/NO)

ORIENTATION (inertial, solar, earth, other)

(Solar - see TDMX 2111)

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 8 *Hrs/Day 1 No. of days for each of three lasers
OPERATIONS: 2 Hrs/Day 1 No. of days month Interval
SERVICING 2 Hrs/Day 1 No. of days Week Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 0 Hrs/Day No. of days
OPERATIONS: O Hrs/Day No. of days Interval
SERVICING 0 Hrs/Day No. of days ____ Interval
POWER REQUIRED:
0.1 KW AC or (circle one)
12 Hrs/Day 60 No. of days
DATA RATE: -010 _ Megabits/second
DATA STORAGE: -.020 Gigabits

*Two men working
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EXPERIMENT TITLE: TDMX 2122

Laser-to-Electric Energy Conversion

PROPOSED FLIGHT DATE - 1992 YEAR

OPERATIONAL DAYS REQUIRED - _ 30

MASS - _ 20 KG

VOLUME: 1 m’

STORED W _ lm xL 1m xH _1m = 1 M3
DEPLOYED W 1M xL 1m xH 1m = 1 M3
INTERNALLY ATTACHED (YES/NO)

EXTERNALLY ATTACHED (YES/NO)

FORMATION FLYING

no (YES/NO)

ORIENTATION (inertial, solar, earth, other)

{Solar - see TDMX 2111)

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP:
OPERATIONS:

SERVICING

—2
0
-0

Hrs/Day 1 No. of days for each device
Hrs/Day No. of days Interval
Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP:
OPERATIONS:
SERVICING

POWER REQUIRED:

0
0
DATA RATE: 10-3

DATA STORAGE: 1073

0
0

Hrs/Day No. of days
Hrs/Day No. of days
Hrs/Day No. of days
XW AC or DC (circle one)
Hrs/Day No. of days
Megabits/second

Gigabits
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CONCEPT FOR SOLAR ARRAY/ENERGY STORAGE EXPERIMENT
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EXPERIMENT TITLE: TDM 2151 SOLAR ARRAY/ENERGY STORAGE TECHNOLOGY

PROPOSED FLIGHT DATE - 1993 YEAR
OPERATIONAL DAYS REQUIRED - 700

MASS - 280 KG

VOLUME:

STORED: W 1.0 xL .65 x H .6 = .39
DEPLOYED: W xL xH =

INTERNALLY ATTACHED YES (YES/NO)
EXTERNALLY ATTACHED NO (YES/NO)
FORMATION FLYING NO __ (YES/NO)

ORIENTATION (inertial, solar, earth, other) NONE

EXTRA-VEHICULAR ACTIVITY REQUIRED: NONE

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 5 - Hrs/Day 2 No. of days
OPERATIONS: O Hrs/Day No. of days Interval

SERVICING: .1 Hrs/Day 24 No. of days 2YR Interval

POWER REQUIRED:

2 KW AC or DC (circle one)
24 Hrs/Day 700 No. of days
DATA RATE: LOW Megabits/second
DATA STORAGE: LOW Gigabits
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EXPERIMENT TITLE:

MEGAWATT POWER “ANAGEMENT SPACE STATION EYPERIMENT

PROPOSED FLIGHT DATE - 1995 YEAR

OPERATIONAL DAYS REQUIRED - _ 2

'MASS - 20,000 KG

YOLUME:

STORED: W _2.5 xL __1lom 2.5 = 625 NE
DEPLOYED: W _2.5 xL 50M 2.5 = ann v

INTERNALLY ATTACHED

FORMATION FLYING®

NO (YES/NO)
EXTERNALLY ATTACHED YES (YES/NO)

NO  (YES,NO)

ORIENTATION (inertial, solar, earth, other) FIXEN WITH

EXTRA-VEHICULAR ACTIVITY REQUIRED:

RESPECT TO SPACE STATION

SET-UP: 4 Hrs/Day No. of days

OPERATIONS: 4 Hrs/Day No. of days _-  Interval

SERVICING: - Hrs/Day No. of days _-  Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: - Hrs/Day - No. of days

OPERATIONS: ~ Hrs/Day No. of days Interval

SERVICING: - Hrs/Day No. of davs Interval
POWER REQUIRED:

35 Kw AC or DC (circle one) EITHER
4 Hrs/Day No. of days

DATA RATE: N/A Megabits/second
DATA STORAGE: _N/A Gigabits
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EXPERIMENT TITLE: Direct Solar Thermal Furnace Technology

PROPOSED FLIGHT DATE - 1995 YEAR
OPERATIONAL DAYS REQUIRED - 90

MASS - 2.000 KG

VOLUME:

STORED: W x L x H =
DEPLOYED: W __ 1BD x L NA RS sm -2
INTERNALLY ATTACHED (YES/NO)
EXTERNALLY ATTACHED _Yes (YES/NO)
FORMATION FLYING Yes  (YES/NO)
ORIENTATION (inertial. solar, earth, other)__ Solar
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: TBD  Hrs/Day _ 1BD No. of days
OPERATIONS: Hrs Day No. of davs Interval
SERVICING: Hrs, Day No. of days Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: Hrs/Dav No. of davs
OPERATIONS: ~ Hrs/Day %0 No. of davy Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED: (Own Power)

N/A KW AC or DC (circle one?

N/A Hrs. Dayv N/A No. of davs

DATA RATE:. TBD

DATA STORAGE: TBD

Megabits second

Gigabits
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EXPERIMENT TITLE: SOLAR DYNAMIC TEST FACILITY

PROPOSED FLIGHT DATE - yal-¥-, YEAR

OPERATIONAL DAYS REQUIRED - TED

MASS - 7 8D KG

VOIL.UME: 8 p

STORED: W xL xH - M3
DEPLOYED: W xL xH - M3
INTERNALLY ATTACHED (YES/NO)

EXTERNALLY ATTACHED (YES/ =5

FORMATION FLYING oSS

ORIENTATION (inertial, solar, earth, other) So0LAR

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 780 Hrs/Day B0 No. of days
OPERATIONS: 772 0O Hrs/Day 7,80 No.of days —— Interval
SERVICING: TS o HrsiDay 778D No. of days _—— Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 782D Hrs/Day _ 78 No. of days
OPERATIONS. 778 22 Hrs/Day _728 o No. of days —— Interval

SERVICING: 78 0D Hrs/Day _7&8 7 No. of days Intervatl

POWER REQUIRED:
T80 KW AC or DC (circle one)

7D Hrs/Day _72 No. of days
DATA RATE. __ 782 Megabits/second
DATA STORAGE: _7&82D Gigabits
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TDM 2565 Thermal Interface Technology
PI. MSFC/Robert Middleton
Objecave
To develop and demonstrate techniques to remove componen:s
from a cold plate heat sink in orbit via EV A and replace them.
restoring adequate thermal conductivity by proper replacement of
the fill matenal between component cold plate.

Description
Simulated components (black boxes) representing various sizes
and fastening methods will be mounted to a cold plate. Vanous
fill material will be incorporated between the component and cold
plate. The simulated components will incorporate controllable
heaters to represent heat dissipation of the component.
Instrumentation will measure cold plate and component
temperatures so that conductivity from component to cold plate

| can be determined. An astronaut in EVA will remove the

\ components and replace them after restoring the fill matenal. The

| interface thermal conductivity will be measured to determine the

effectiveness of the procedure. Several tnals using different
‘ methods and fill matenals will be made.
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NUCLEAR PUMPED LASERS
by

GEORGE H., MILEY
UNIVERSITY OF ILLINOIS

EXPERIMENTAL OBJECTIVE:

NUCLEAR PUMPED LASERS ARE PARTICULARLY SUITABLE FOR
SPACE APPLICATIONS DUE TO THE ENORMOUS ENERGY TO MASS RATIO
OF THE NUCLEAR FUEL, A METHOD FOR COUPLING NUCLEAR ENERGY TO
A LASER MEDIA BY CONVERTING CHARGED-PARTICLE ENERGY TO PHOTON
ENERGY WHICH CAN THEN BE USED FOR PHOTOLYTTC LASER PUMPING IS
DESIRABLE DUE TO THE ATTAINABLE ENERGY FOCUSSING, UTILIZATION
OF URANIUM MICROSPHERES FOR PUMPING A NUCLEAR "FLASHLAMP” WAS
PREVIOUSLY PROPOSED AT THE UNIVERSITY OF ILLINOIS., EXPERIMENTAL

TESTING OF THE PERFORMANCE OF SUCH MICROSPHERES SUSPENDED IN

SPACE IS PROPOSED.
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NUCLEAR PUMPED LASERS
by

GEORGE H, MILEY
UNIVERSITY OF ILLINOIS

'EXPERIMENT DESCRIPTION:

THE PROPOSED EXPERIMENT IS BUILT AROUND A URANIUM PELLET
SUSPENSION SPHERE, URANIUM PELLETS WILL BE INJECTED INTO THE
SPHERE FROM A STORAGE COMPARTMENT. A NEUTRON SOURCE IS CONNECTED
TO THE SPHERE THROUGH SEVERAL LAYERS OF CADMIUM AND POLYTHYLINE
SHIELDING ALLOWING FOR VARIATION OF NEUTRON FLUX AND SPECTRUM.

THE WHOLE SPHERE IS SHIELDED BEHIND SEVERAL CENTIMETERS OF CADMIUM.

A LARGE SET OF DIAGMOSTIC TOOLS WILL BE CONNECTED TO THE
SPHERE. THESE INCLUDE NEUTRON, CHARGED PARTICLE, AND GAMMA
DETECTORS AND A THERMOCOUPLE, NEUTRONS WILL BE DETECTED BY A
105 1ONIZATIOM CHAMBER SURROUNDED BY A VARIABLE THICKNESS OF
POLYTHYLINE TO ALLOW FOR NEUTRON SPECTRA ANALYSIS. THE SPECTRA
OF CHARGED PARTICLES IS MONITORED BY A SURFACE BARRIER DETECTOR
CCNNECTED TO A MULTICHANNEL ANALYZER. THE GAMMA RAY SPECTRA IS
MCNITORED BY A SCINTI:.LATIGN DETECTOR.

THE EXPERIMENTAL PLAN MAINLY CONSISTS OF THE STUDY OF THE
POWER DEPQSITION AND RADIATION SPECTRA FROM A MICROPELLET DRIVEN
FISSION SYSTEM, THE QUESTION OF STABILITY OF SUCH A DEVICE (THE
POTENTIAL FUEL BUNCHING PROBLEM) WILL BE ADDRESSED. IMITIALLY
OPERATION AT VERY LOW POWERS WILL BE CONDUCTED. IF SUITABILITY

IS DEMONSTRATED, HIGH POWER OPERATIONS WILL BE PLANNED FOR LATER

MISSIONS,
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NUCLEAR PUMPED LASERS
by

GEORGE H. MILEY
UNIVERSITY OF ILLIMOIS

S NEUTRON SOURCE
CHAMBER -

TO COMPUTER

THERMO - AMPLIFIER
COUPLE o
MULTI-
CHANNEL
| ANALYZER
7
NEUTR0%, GAMMAS, AND
CHARGED PARTICLE DETECTORS
COMPUTER

URANTUM PELLET INJECTOR

SET-UP FOR SPACE SUSPENDED URANIUM MICROSPHERE.STUDIES
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GEORGE H, MILEY
UNIVERSITY OF ILLINOIS

EXPERIMENT TITLE: NUCLEAR PUMPED LASERS

PROPOSED FLIGHT DATE - 1986 YEAR

OPERATIONAL DAYS REQUIRED - -2

MASS - < 400 KG

VOLUME:

STORED: W __ 3 xL 3 x H 3 = 27 a3 (max, )
DEPLOYED: W 3 x L 3 x H 3 = 27 M3 (max, )
INTERNALLY ATTACHED YES (YES/NO)

EXTERNALLY ATTACHED (YES/NO)

FORMATION FLYING (YES/NO)

ORIENTATION (inertial, solar, earth, other) N/A

EXTRA-VEHICULAR ACTIVITY REQUIRED: N/A

SET-UP: Hrs/Day No. of davs
OPERATIONS: Hrs/Dav No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 12 Hrs/Day 3 No. of days
OPERATIONS: 8 Hrs,/Day 2 No. of days Interval
SERVICING: - Hrs/Day B No. of days Interval

POWER REQUIRED:

< 12 KW AC orcle one)
8 Hrs/Day _____2___ No. of days
DATA RATE: - Megabits,/second
DATA STORAGE: - Gigabits
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< EXPERIMENT TITLE: SOLAR ARRAY BLANKET ZERO-G FOLDUP

PROPOSED FLIGHT DATE - 1993 YEAR

OPERATIONAL DAYS REQUIRED - 5

MASS - 200 KG

YOLUME:

STORED: W __ 3.4 xL 12 x H 1.1 = 44.9 M3
DEPLOYED: W __ 5.7 x L 11.4 xH 5.0 = 325 M3
INTERNALLY ATTACHED _ NO (YES/NO)

EXTERNALLY ATTACHED _YES (YES/NO)
FORMATION FLYING NO _ (YES/NO)

ORIENTATION (inertial, solar, earth, other)_1/2 QOPERATIONS WITH SOLAR ILLUMINATION
EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP 3 . Hrs/Day 2 No. of davs (INCLUDES BREAKDOWN)
OPERATIONS: 6 Hrs/Day 5 No. of days _} Nq Interval required.
SERVKING: None _ Hrs/Day - No. of days — Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 3 Hrs/Day 2 No. of days
OPERATIONS: 6 Hrs/Day 5 No. of days No Interval required.
SERVICING: None Hrs/Day - No. of days - Interval

POWER REQUIRED:

0.2 KW AC o(circle one)
5

4  Hrs/Day No. of days
DATA RATE: .005 Megabits/second
DATA STORAGE: 0.5 Gigabits

R.V.ELMS
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TDM 2541 Tethered Electrodynamic Power Generation
PI: MSFC/Georg von Tiesenhausen
Objecuve
To utlize an electrodynamic tether to supply either electrical
energy to the Space Station or to provide a means to reboost the
Space Stanon to its nominal altitude.

Descnpton
A 100 Km electrodynamic tether deployed vertically from the
Space Station to generate DC power levels in the 100 Kw range at
the expense of orbital altitude. Conversely, use of the tether to
function as thruster by injecting in the tether a reverse current to
boost back the orbital altitude to the nomunal value. The power

phase would occur dunng the dark peniod, the boost phase during
the daylight penod.
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G
THERMAL ENERGY STORATE FOR SOLAR

expERIMENT TITLE: DYNAMIC PGS

PROPOSED FLIGHT DATE - 1990 YEAR

OPERATIONAL DAYS REQUIRED - 3

Mass - _ APPROX 40 KG

VOLUME:

STORED W x L x H = 0.02 M3
DEPLOYED W x L x H = 0,02 M3
INTERNALLY ATTACHED _YES = (YES/NO)

EXTERNALLY ATTACHED (YES/NO)

FORMATION FLYING (YES/NO)

ORIENTATION (inertial, solar, earth, other) ANY

EXTRA-VEHICULAR ACTIVITY REQUIRED: NONE

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED: NONE

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING Hys/Day No. of days Interval

POWER REQUIRED:

5 KW AC or DC (circle one) INTERMITTENT
+0.7 KW AC CONTINUOUS

Hrs/Day 3  No. of days
DATA RATE: TBD Megabits/second
DATA STORAGE: TBD Gigabits
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